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@ Method of drilling of through-holes in printed circuit board panels. 

@ A method of drilling a through-hole in a printed circuit board panel, which comprises placing a 
water-soluble lubricant sheet on one surface or each of two surfaces of a printed circuit board panel 
and drilling a through-hole though the printed drcuit board panel, the water-soluble lubricant sheet 
being composed of a mixture of 20 to 90 % by weight of a polyethylene glycol having a weight average 
molecular weight of not less than 10,000 with 10 to 80 % by weight of a water-soluble lubricant and 
having a thickness of 0.05 to 3 mm. 
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Field of th Invention 



board panel with a water-slble^Skcan tsL^^ ^ through-hole through a printed circuit 

method perrnits inhibition of heat generron of a i^t^t ^nd^^^^ Z each of the surfac s of the panel, which 
productivity. generation of a dnli b.t and the making of h.gh-quality through-holes with good 



productivity. 
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Summary of the Invention 
Detailed Description of the Invention 

metal foil-dad laminated board a mo^ C ' 
a metal foil-clad multi-laver laminmed ho=rH ' "^^^'^ ''°f '^^^'"9 '^^^^(s) of a printed wiring networ1<. 
plastic film, and the like .nnerlayer(s) of a printed wiring networK. a metal foil-clad 

fragfle. and it is too easily crxished to form a sheet ^''"^'^^''^^'^^^ ^0.000 is in thefom, of a wax and 
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tearate. etc.; polyglycerin monostearates having a weight average molecular weight of 500 to 9.000 such as 
hexaglycerin monostearate, decaglycerin monostearate. etc.: polyoxyethyiene-propylene-block polymers hav- 
ing a weight average molecular weight of 500 to 9,000; and the like. Preferred are those lubricants having .a 
melting point or softening point in the rang betwe n 30<*C and 200*'C, particularly between 40*'C and 150*'C. 
5 The water-soluble lubricant sheet is produced from a mixture containing 20 to 90 % by weight of the above 

polyethylen glycol having a weight average mol cular weight of not less than 10.000 and 80 to 10 % by weight 
of the above water-soluble lubricant When the amount of the water-soluble lubricant is larger than the above 
upper limit, it is difficult to form a sheet. When it is smaller than the above lower limit, the resultant sheet unde- 
sirably shows insufficient lubricity. 

10 The water-soluble lubricant sheet usually has a thickness of 0.05 to 3 mm. preferably 0.1 to 2 mm. When 

this thickness is smaller than the above range, the effect on prevention of heat generation of a drill bit is insuf- 
ficient When it is larger than the above range, it is required to increase the length of a drill bit. As a result of 
an increase in the length, the drill bit is undesirably likely to cause an unnecessary movement, which results 
in a poor quality of a through-hole, and the drill bit is increasingly likely to be broken. 

15 The method for producing the water-soluble lubricant sheet is not specially limited. In general, the above 

polyethylene glycol and the above water-soluble lubricant are mixed to form a homogeneous nnbcture by means 
of a kneading apparatus such as a roll, a kneader. etc.. optionally under heat, and the homogeneous mixture 
is extruded, press-formed or rolled to fonm a sheet having a thickness of 0.05 to 3 mm. The so-obtained wa- 
ter-soluble lubricant sheets are usually used for drilling in such a manner that one sheet of them Is placed on 

20 one plastic or metal foil surface and optionally one sheet of them is placed on the other surface. When one 
water-soluble lubricant sheet is used, it is preferred to place it toward the drill bit side. It is more preferred to 
place one water-soluble lubricant sheet on one surface and another on another surface. 

According to the present invention, there is provided .a method of drilling a through-hole in a printed circuit 
board panel, which method is almost free from occurrence of a smear and a pink ring. Further, in the method 

25 of the present invention, the water-soluble lubricant sheet used in the present invention is easy to handle due 
to freedom from sticking nature and through-holes having excellent quality can be obtained. Furthermore, in 
the method of the present invention, a stress exerted on a metal foil portion is small and the degree of occurr- 
ence of a pink ring can be therefore decreased. 

The present invention will be detailed below by reference to Examples, in which "part" stands for "part by 

JO weighr unless otherwise specified. 

Examples 1 

A polyethylene glycol having a weight average molecular weight of more than 1 0.000 and a water-soluble 
35 lubricant, of which the amounts are shown in Table 1. were kneaded at a temperature between 80*Cand 120*C, 
and the resultant mixture was extruded with an extnjder to fomi sheets having a thickness of 1 mm ("present 
sheet" hereinafter). 

A 1.6 mm thick epoxy-glass six-layered board (formed of 4 inner layers, an inner copper layer having a 
th ickness of 70 \xm and an outer copper layer having a thickness of 1 8 ^m) was drilled under the following con- 
40 ditions. 

[Drilling conditions] 

Drill bit 0.35 mmo 

46 Revolution rate 80.000 rpm 

Feed rate 1.6 m/min. 

Number of boards to be drilled 2 

[How to Arrange] (from drill bit side) 

50 

100 ^m thick aluminum foil/present sheet/six-layered board/present sheet/six-layered board/paper phenol 
laminate 

Table 1 shows the presence or absence of sticking nature of the sheet and the degree of occurrence of a 
smear, and Table 2 shows the degree of occurrence of a pink ring. 
55 The smear and pink ring were evaluated as follows. 

Smear A wall of a through-hole was measured for an area in which the inner copper layer was exposed, 
i.e. a degree of adherence of a resin, by observing it with a microscope. The degree of occurrence of a smear 
was rated as follows: 100 % exposure of copper = 10, 50 % exposure of copper = 5. no xposure of copper - 

3 
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0. Specifically, 4.000 through-holes were drilled with a drill bit, and then 20 through-holes were drilled. The walls 
of th se 20 through-holes were measured to obtain an average. In the column of "degree of smear occurrence 
after 4.000 hits" in Table 1, the parenth sized data shows the smallest copper exposure area among the 20 
through-holes. 

Pink ring: After drilled, the two six-layered boards were immersed in a 4N HCI aqueous solution at ZS^C 
for 5 minutes, and a length of con-osion with 4N HCI from the through-hole wall was measured on each of the 
boards. Table 2 shows the largest length when the measurement was carried out with 10 through-holes. 

A smear and a pink ring prevent a contact between a plated through-hole and an electrically conductive 
layer formed on an insulating material, and the degree of occurrence of these constitutes an important standard 
for evaluation of quality of printed circuit board panels. 

Examples 2-7 

Example 1 was repeated except that the amount of the polyethylene glycol having a weight average 
molecular weight of more than 10.000 and the amount and type of the water-soluble lubricant were changed 
as shown in Table 1. The results are shown in Table 1 and 2. 

Comparative Example 1 

The drilling in Example 1 was repeated except that the present sheet was not used and that the arrange- 
ment of six-layered boards, etc., was changed to 100 jim thick aluminum foil/six-layered board/six-layered 
board/paper phenol laminate. Tables 1 and 2 show the results. 

Comparative Example 2 

670 ml of Trihydroxystearin of polyethylene glycol having a weight average molecular weight of 200 was 
heated to 54*C. and 250 ml of dipropylene glycol was mixed therewith. The resultant mixture was heated to 
62*C. and 80 ml of a fatty acid ester (trade name: Paricin 13, supplied by Cas Gen) was mixed therewith. 

The resultant mixture was roll-coated on a 0.15 mm thick paper sheet at 60*C such that the amount of the 
resultant coating was 60 % by weight, and the resultant sheet was cooled to room temperature to give water- 
soluble lubricant sheets. 

The drilling in Example 1 was repeated except that these water-soiuble lubricant sheets were used in place 
of the present sheets. Tables 1 and 2 show the results. 
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Table 1 

Polyethylene glycol Water-soluble Slicking Degree of 

lubricant nature occurrence of 
Molecular part kind* part smear after 
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LEGl = polyethylene glycol (1,000) 

LEG2 = polyoxyethylene lauryl ether (1.100) 

LEG3 = polyoxyethylene monostearate (3.300) 

LEG4 = polyoxyethylene sorbi tan nionos teara le (1.300) 

LEGS = hexaglycerin monostearate (530) 

LEG6 = polyoxyelhylene-propylene block polymer (8.800) 

LEG? = polyethylene glycol (4,000) 
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Tabl e 2 

Pink ring after 4,000 hits 

Six-layered board Six-layered board 
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Examples 8-10 

30 Example 3 was repeated except that the thickness of the present sheet was changed to 0.1 mm (Example 

S), 0.2 mm (Example 9) or 0.5 mm (Example 10). 
Table 3 shows the results. 



Table 3 

Polyethylene glycol Water-soluble Thickness Degree of 

lubricant of present occurrence of 
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LEG3 = polyoxyelhylene monostearatc (3,300) 

50 Example 1 1 

Example 3 was repeated except for the following changes in the drilling conditions and the arrangement 
of boards and sheets. 

Number of boards to be drilled: 3 
55 How to arrange (from drill bit side): 100 pm thick aluminum foil/present sheet/six-layered board/six-layered 

board/six-iayered board/paper phenol laminate 

Table 4 shows the results. 
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Comparative Example 3 

Example 11 was repeat d without using the present sheet. Table 4 shows the results. 
Comparative Example 4 

Example 11 was repeated except that the same water-soluble lubricant sheet as that prepared in Com- 
parative Example 2 was used in place of the present sheet used in Example 11. 
Table 4 shows the results. 
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30 Claims 

1. A method of drilling a through-hole in a printed circuit board panel which comprises placing a water-soluble 
lubricant sheet on one surface or each of two surfaces of a printed circuit board panel and drilling a through- 
hole through the resulting laminate characterised In that the water-soluble lubricant sheist is composed of 

35 a mixture of 20 to 90% by weight of a polyethylene glycol having a weight average molecular weight of 

not less than 10.000 with 10 to 80% by weight of a water-soluble lubricant and is 0.05 to 3 mm thick. 

2. A method according to claim 1 . wherein the water-soluble lubricant is at least one member selected from 
a polyethylene glycol having a weight average molecular weight of 600 to 9,000, a polyoxyethylene mono- 

40 ether having a weight average molecular weight of 600 to 9.000, a polyoxyethylene sorbitan monoester 

having a weight average molecular weight of 600 to 9.000. a polyglycerin nr>onostearate having a weight 
average molecular weight of 600 to 9,000 and a polyoxyethylene-propylene-block copolymer having a 
weight average molecular weight of 600 to 9,000. 

45 3. A method according to claim 1 wherein the water-soluble lubricant is an ester of a polyoxyethylene. 

4. A method according to claim 1 , 2 or 3, wherein the water-soluble lubricant has a melting point or softening 
point between 30**C and 200*'C. 

50 5. A method according to any one of the preceding claims wherein the water-soluble lubricant sheet is 0.1 
to 2 mm thick- 
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